Aim. Determination of the Cckbr, Gast and Reg1a genes expression in rat duodenal
Introduction. In recent decades, proton-pump inhibitors (PPI) of gastric parietal cells, such as omeprazole, appear to be the most effective and probably safe therapeutic agents for the acid-related disorders treatment [1] [2] [3] . The development of dysbiosis is one of the key consequences of long-term hypoacidity [3] [4] [5] .
Colonization of gastrointestinal tract (GIT) by opportunistic microbiota forms stable sources of endogenous infection and in addition to the effect of hypergastrinemia promotes gastric carcinogenesis and tumorigenesis in other parts of GIT as well as in associated organs [3] [4] [5] [6] [7] .
It is well known, that the Gast gene encodes the GIT hormone gastrin, which is expressed exclusively in both enteroendocrine G-cells of gastric antrum mucosa and proximal part of duodenum, and exerts a trophic impact on some GIT cells [4, 8, 9] . According to the literature data, the overexpression and «adventive» expression of gastrin may be associated with the development of gastrinoma under most pathological conditions [8] .
The Cckbr gene (encodes gastrin/cholecystokinin receptor type II or B -CCKBR) mediates certain physiological functions of gastrin [10] . To date, there is sufficient evidence for the presence of CCKBR protein in small intestine, but the majority of reports suggest that the normal duodenal cells are characterised by low levels of the Cckbr expression. On the other hand, a high expression level of the CCKBR protein is mostly found in clinical disorders as well as in certain GIT tumors [9] .
The Reg1a gene gives rise to a regenerative protein, specifically -regenerating islet-derived protein 1a [11] [12] [13] . This protein is localized in the small intestine Paneth cells, as well as in the non-mature columnar cells of human intestinal crypts, but has not been yet found in functional villous epithelium [12] . Therefore, such topographical distribution appears to be associated with the growth and differentiation processes of actively proliferating intestinal epithelium cells [13] . It has been also established that the Reg1a gene expression in highly differentiated villi may be connected to tumorigenesis [11] [12] [13] .
In clinical trials it was proved that probiotics in general are able to cure dysbiotic states, as well as to instantly reduce GIT lesions ratio [14, 15] . The multiprobiotics of the «Symbiter ® acidophilic» concentrated group, also referred to as Symbiter, are characterized by action complexity, wide bioactivity array, high level of biological safety and close to that of natural human and animal microbial population composition [14, 15] .
The analysis of recent scientific literature revealed lack of data on the pattern of above mentioned genes expression in duodenum under experimental or natural hypoacidic conditions. The data concerning possible probiotic effects on the gene expression in duodenal cells upon hypoacidity are also nearly absent.
Consequently, the aim of current investigation was to determine the expression of Cckbr, Gast and Reg1a genes in rat duodenal epithelial cells upon long-term injection of omeprazole and with «Symbiter» administration.
Materials and methods. The International recommendations on performance of medical and biological investigations with the use of animals according to European Convention for the Protection of Vertebrate Animals Used for Experimental and other Scientific Purposes were followed. Experiments were conducted on white non-strain male rats with initial weight around 180-200 g.
All experimental animals were divided into four groups. The first one (control) consisted of rats injected with 0.2 ml of physiological solution abdominally and 0.5 ml of water orally. The second group was treated with «Symbiter» (manufactured by LLC «O. D. Prolisok») orally (0.14 ml/kg) for 28 days. In the third animal group hypoacidity was modelled by daily intraperitoneal injection of omeprazole (14 mg/kg) for 28 days [15] . Finally, the rats of the fourth experimental group were given the same dose of «Symbiter» simultaneously with omeprazole. Every experimental group consisted of 6 animals. The crypts and the villi of duodenal epithelial cells were extracted by a rapid low-temperature (4 o C) method, which included intestine washing under the constant stirring in different buffers with the consequential gradual collection of villus or crypt fractions [16] .
RNA was isolated following Chomczynski and Sacchi [17] . cDNA was synthesized in 20 ml of reaction mix, containing 2 mg of RNA, 1 mM dNTP, 50 U of reverse transcriptase «MultiScribeTM Reverse Transcriptase», the corresponding buffer, 20 U of ribonuclease inhibitor «RNase Inhibitor» («Applied Biosystems», USA), and 20 pmol (1.0 µM) of reverse primer. The synthesis was performed upon 37 o C for 2 h. Polymerase chain reaction was conducted in 30 ml of the reaction mix containing 10 ml of cDNA, the PCR buffer, 200 mM of each dNTP, 30 pmol (1.0 mM) of each primer, 2.5 mM of MgCl 2 and 1.5 U of Taq DNA polymerase («iTaqTM», «Bio-Rad», USA).
The PCR amplifications consisted of the initial denaturing step of 95 o C for 3 min, followed by 35 (28 for Actb gene was used as internal control of reaction due to its constitutive expression) cycles of for Cckbrforward -GCAAGCACGAGTATGGCAAA; reverse -TAGCACGGACCAGGTTTGTT;
for Gastforward -GCCCAGCCTCTCATCATC; reverse -GGGGACAGGGCTGAAGTG;
for Reg1a -forward -AGCCTGCAGAGATTGTTGAC; reverse -CCATAGGGCAGTGAGGCAAG;
for Actbforward -TGGGACGATATGGAGAAGAT; reverse -ATTGCCGATAGTGATGACCT.
Reproducibility of the amplification results was evaluated in the parallel experiments by the PCR reactions repetition with all animals and each primer at least three times. The separation of PCR products was performed electrophoretically in 1.6 % agarose gel with 0.5´TBE 4 -omeprazole + Symbiter; crypt epithelial cells: 5 -control; 6 -Symbiter; 7 -omeprazole; 8 -omeprazole + Symbiter buffer as described in Sambrook et al. [18] . Based on densitometry results, the ImageJ 1.45s program was used for semi-quantitative analysis of amplicon expression. The indexes of mRNA expression for each sample were calculated following Konturek et al. [19] .
The statistical processing of the experimental data was performed using GraphPad Prism 5.04 («Graph Pad Software Inc.», USA). The normal Gaussian distribution of the data was verified by the Shapiro-Wilk normality test. Two-way analysis of variance (two-way ANOVA) and Bonferroni post tests were performed with the data obtained. The statistical significance was set at p £ 0.05. The reviewed data are expressed as means and standard deviations.
Results and discussion. mRNA of Gast gene was detected in the rat's duodenal villus and crypt epithelial cells in the control groups of investigated animals ( Figure, A) .
As seen in Table, the level of Gast gene expression was 1.9 times higher than the control value in villi and 5.9 times higher than in crypts of the animals treated only with omeprazole for 28 days (p £ 0.05). Upon simultaneous administration of the multiprobiotic «Sym-biter» this parameter was 1.5 and 4.9 times lower compared to the third experimental group (p £ 0.05). In the rats treated only with «Symbiter» this value was similar to the control in both villus and crypt epitheliocytes of duodenum (Figure, A, Table) .
As we have already mentioned, gastrin exerts a trophic impact on certain GIT cells [4, 8, 9] . In our experiments in hypoacidic conditions we demonstrated the elevation of the Gast mRNA level in villus epithelial cells as well as high expression level of this gene in immature crypts. The results obtained may be a sign of pathological hypertrophy in duodenal cells, which could lead to dystrophic, necrotic and sclerotic irreversible organ changes, accompanied by chronic inflammation [13, 20] . As it is known from the literature data, overexpression and «adventive» expression of gastrin may be associated with the development of gastrinoma; it is a common feature of Zollinger-Ellison syndrome [8] .
We demonstrated the Gast mRNA overexpression in duodenum upon the same hypoacidic conditions confirms our previous results concerning the Gast gene expression in hypoacidic rat pancreas [21] . Considering this fact, we can also assume a possible existence of neoplasia in duodenal epithelial cells at the later stages of the pathology development upon long-term use of PPI.
The mRNA of Cckbr gene was detected in the rat duodenal villus and crypt epithelial cells in the control groups of investigated animals (Figure, B) .
As seen from Table, the level of the Cckbr gene expression was 1.5 times higher compared to the control values in villi and 4 times higher than in crypts upon long-term hypoacidity (p £ 0.05). In case of the simultaneous administration of the multiprobiotic «Symbiter» the parameter was respectively 1.4 and about 2 times lower than in the third group of animals (p £ 0.05). In rats treated only with «Symbiter» there was no change of this value in both villus and crypt epitheliocytes of duodenum in comparison to the control one. 
The levels of Gast, Cckbr, Reg1a genes mRNA in rat duodenal cells upon long-term hypoacidity and with the multiprobiotic administration (m ± SD, n = 6)
The majority of reports suggest that the normal duodenum cells appear to express the Cckbr gene at low levels [8, 22] . To date, the role of cholecystokinin as a small bowel and colon growth stimulator is not yet established [9] . So, we demonstrated the overexpression of Cckbr gene in villus and particularly in crypt epithelial cells upon long-term hypoacidic conditions. The apparent high level of Cckbr mRNA may be caused by the intensification of its expression by gastrin, because the latter, in addition to gastric secretion, is known to regulate proliferation of the cells expressing receptors for this ligand. Such regulation may be performed by stimulating the expression of early response genes as well as other growth-related genes [9, 22] . The abundant expression of Cckbr may be also associated with the pathological hypertrophy in duodenal cells and the intensification of duodenum inflammation [13] . On the other hand, a high expression level of the CCKBR protein is found in esophageal adenocarcinoma as well as in ileal carcinoid [9] . The results obtained by us this time appeared to be in agreement with our previous data about Cckbr expression in rat pancreas upon hypoacidic conditions [21] . Thus, we can also suggest a possible neoplasia in duodenal epithelial cells at the later stages of the pathology development upon long-term omeprazole administration.
mRNA of Reg1a gene was detected in the rat duodenal crypts of the control group, although the mRNA of this gene was not found in this group villous epithelium (Figure, C) .
So, in the functional villous epithelium of duodenum upon long-term hypoacidity we found the Reg1a gene mRNA. At the same time, the level of this gene in the fourth experimental group of rats was 2.2 times lower compared to the animals injected with omeprazole (p £ 0.05).
In crypt epithelium of the animals treated only with omeprazole for 28 days the level of Reg1a mRNA was 1.8 times higher than the control values (p £ 0,05). Upon the simultaneous administration of the multiprobiotic «Symbiter» this parameter was approximately 1.9 times lower in comparison to the third group of animals (p £ 0.05). In rats treated only with «Symbiter» this value was similar to the control (Figure, C, Table) .
It is well known, that the main function of crypts is the cell reproduction control during intestinal epithelial tissue regeneration. Moreover, it is known, that the crypt base columnar cells can only proliferate. The mid-crypt columnar cells have the ability to both proliferation and differentiation, whereas the crypt top columnar cells never divide, but continue to differentiate and then move along the villi lines [4, 12] . The Reg1a gene mRNA expression was observed in Paneth cells, in the glands of Lieberkuhn (crypts) and nonmature columnar cells of the human intestinal crypts, but never in the functional mature villous epithelium [13] .
In our experiment we demonstrated the elevation of the Reg1a mRNA level in crypt epithelial cells upon hypoacidic conditions (Figure, C, Table) . Based on these results it can be assumed that the inflammatory process in duodenum intensifies [13, 20] . The appearance of Reg1a gene expression in duodenal villous cells of the rats treated only with omeprazole ( Figure, C, Table) may be related to a possible neoplasia in epithelial cells at the later stages of the pathological process development [11] [12] [13] 20] . Indeed, the Reg1a gene expression in response to gastrin has been reported in ECL cells (enterochromaffin-like cells) and may be involved not only in the gastric mucosal cell growth, but also in the tumor development [9] .
Thus, the obtained changes in expression of Gast, Cckbr, Reg1a gene in rat duodenal villus and crypts epithelial cells should point out a possible development of teratoid displacements in duodenal tissue upon hypoacidic conditions due to the development of dysbiosis, which makes promoting influence on the gastrin secretion in rat's stomach and evaluates the effect of hypergastrinemia [4-9, 11-13, 15, 20, 21] , according to the results of different studies of patients treated with omeprazole [2, 6, 7] . Different rates of alterations of the above mentioned gene expression in villus and crypts epithelial cells appear to be determined by their structural and functional characteristics [4] . According to the literature data, a well-established early feature of some inflammatory diseases, including pathological intestine disorders, is the formation of crypt abscesses, containing neutrophils migrating across the epithelium into the crypt lumen [4] .
The first among possible mechanisms of the «Sym-biter» action on gene expression in rat duodenal cells, may be based on the ability of this multiprobiotic to liquidate dysbiosis and GIT bacterial colonization. As a result of this action, the burden of pathogenic microbiota is removed from GIT and associated organs [14, 15] . Furthermore, the multicomponent probiotic «Symbi-ter» is able to increase the reduced glutathione synthesis de novo (the main low-molecular cellular antioxidant), which results in its higher content in both GIT and duodenum. Moreover, the «Symbiter» bacterial vital products (vitamins, exopolysaccharides, short chain fat acids, immune-response modulating agents, etc.) have certain antioxidant properties, so they can delay the oxidative stress development and decrease the intensity of inflammation and other pathological processes in duodenal cells [14, 15, 23] . From the results of corresponding studies, it may be suggested that the observed «Sym-biter» effects can be linked not only to normalization of GIT microbiota, but also to restriction of hypergastrinemia effects [5, 15, 21] . However, the final acceptance or rejection of this hypothesis requires further real-time PCR analysis and other research techniques along with a usage of selective antagonists of gastrin receptor. It will allow us to clarify the consequences of hypergastrinemia and GIT bacterial colonization.
Conclusions. In summary, we have shown, that longterm experimental hypoacidity is accompanied by the changes of the Gast, Cckbr and Reg1a genes expression in the rat duodenal epithelial cells. The level of studied gene expression upon the simultaneous administration of the multiprobiotic «Symbiter» in most cases did not change in comparison to the control values. Based on the obtained data, it might be assumed, that the analyzed genes are involved in the development of the pathological processes in duodenum, so there may be a certain potential risk of duodenal carcinogenesis upon long-term use of omeprazole as well as, probably, of other PPI. 
